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I, Ray W. Hilborn, declare as follows:

1. I'am a professor of Aquatic & Fishery Sciences at the University of Washington in
Seattle, Washington. My curriculum vitae is attached to this declaration as Exhibit A. I have
spent my professional career teaching, researching, and advising in the scientific fields of fish
biology and ecology and fish population dynamics and management. Since 1993, I have been an
Independent Science Advisor to the Commission for the Conservation of Southern Bluefin Tuna.
I have supervised millions of dollars in research projects investigating fish populations and their
management. I have authored or co-authored over 200 publications and reports involving
fisheries population analysis, modeling, and management, also listed in Exhibit A. 1 currently
serve on the editorial boards of several professional scientific journals.

2. As a result of my education, training, research, and experience, I have developed
an in-depth and extensive experience evaluating biotic and abiotic factors affecting populations of
fish species. This includes experience using and developing generally accepted statistical and
other conceptual and applied modeling methodologies to identify the factors affecting fish
population abundance and determining the significance or relative importance of distinct factors
in causing fish population increases or decreases.

3. [ have reviewed the December 15, 2008 Biological Opinion on the effects of the
Coordinated Operations of the Central Valley Project and State Water Project on the delta smelt
(Hypomesus transpacificus) (“BiOp”™). I have also reviewed several scientific articles that appear
to form the foundation of many of the BiOp’s main conclusions regarding the effects of these
water project operations on the delta smelt.

4. Some of the main conclusions sct forth in the BiOp are based on evaluations of
biological and physical data using qualitative and quantitative methods of analyses including
numerous statistical and other mathematical models. Similarly, the articles on which the BiOp
prominently relies also employed statistical and other mathematical or conceptual analyses to
reach their conclusions. I would not expect a person without extensive training and experience in
the fields of biological or statistical sciences to understand these methods. I would also not

expect such a person to be able to detect, appreciate, or identify potential errors in assumptions,
925022.1 2-
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selection of datasets, or choice of statistical or mathematical models.

5. After reviewing the BiOp and several of the key scientific articles it relies upon,
have several serious concerns regarding the mathematical or conceptual models used to analyze
the available data. I also have serious concerns regarding the scientific justification and

defensibility of several conclusions reached in the BiOp. I explain these concerns below.

A. The BiOp Never Estimates The Extent Of Any Impact From Project Operations On
Delta Smelt Population Size Or Survival

6. My overarching criticism of the BiOp is that it provides no quantitative basis for
evaluating the risk to the delta smelt population posed by the operations of the Central Valley
Project and State Water Project (“water projects™), which I understand to be the chief question
and issue intended to be addressed in the BiOp. There are well accepted methods within the
discipline of fisheries science for assessing the effect of a particular adverse factor upon the
likelihood of survival of a fish species. I find the failure of the BiOp to employ such methods to
be inexplicable, and outside the realm of generally accepted scientific standards.

7. For instance, the BiOp devotes considerable attention to the fact that water project
pumping operations are known to entrain adult and juvenile delta smelt. However, the BiOp does
not analyze or estimate this entrainment effect on delta smelt population size in the following
year. The BiOp nowhere attempts to support these assumptions with any quantitative analysis or
estimate of the magnitude of these mortality factors, among others, at the population level.

8. Without any analysis or description of the extent, if any, of the effect of project
operations on the viability or size of the delta smelt population, it is impossible to gauge the
significance of the effect of project operations on the delta smelt population’s size or viability.
Likewise, without such an analysis, it is impossible to evaluate the effect of any change in water
project operations on delta smelt population size or viability.

9. One such standard method used in fisheries science that could have been applied
here is a spawner-recruit model in which the index of delta smelt abundance in the Fall Midwater
Trawl (“FMWT?”) in one year would be used to predict the FMWT in the next year, and statistical

analyses would be done to see it factors such as project operations, or variables such as X2, OMR
925022.1 -3-
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flow, or occurrence or density of food items had a statistically or biologically significant impact
on FMWT the next year. Using such a model and analyses, the quantitative impact of proposed
actions on the delta smelt’s population or viability could be evaluated.

10.  Another standard method, which I believe the scientific community would
consider the preferred approach to investigate whether, and to what extent, if any, water project
operations are affecting delta smelt population size and viability, would be to use a stage by stage
life history model. Such a stage by stage life history model would examine the impact of
different factors on the survival and growth of delta smelt from one life history stage to the next
life history stage to develop an overall picture of what particular factors at what stages are driving
delta smelt population dynamics. These kinds of models are commonly employed in Endangered
Species Act recovery plans for salmonids on the Columbia River that [ have reviewed. These
models also form the basis of almost all marine fisheries management in the United States. The
same methods can, and I believe should, be applied to assess the delta smelt population.

11, My concern is that instead, the BiOp does not use any of the available methods for
assessing population-level effects. The BiOp does not use either a spawner-recruit model or a
stage by stage life history model, or any other method that seeks to quantitatively estimate or
determine whether water project operations, or any other biotic or abiotic factor affects delta
smelt population dynamics, abundance, or viability. While in some places the BiOp attempts to
use a crude life history model, it does so using deficient methods that would not be used by the
general scientific community without serious and express reservation. For instance, the BiOp
relies upon an unpublished paper by Feyrer et al. 2008, which builds a two stage life history
model that relates the fall delta smelt abundance index to the summer delta smelt abundance
index, with X2 as a factor influencing survival, and then the summer index to the fall index with
X2 or other factors as possible explanatory variables for year to year differences in abundance.
The authors of this report quite inexplicably used simple linear regression for the first life history
stage, rather than the widely accepted and commonly used spawner recruit models found in every
elementary fishery textbook. Secondly, even if the methods in Feyrer et al. 2008 were valid, the

BiOp still made no attempt to use these model results to estimate the quantitative impact of
925022.1 -4-
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proposed water project operations.

12. There is a rich body of data for delta smelt abundance, distribution and size at
different life history stages, and considerable data on the environmental conditions. It is certainly
standard practice in fisheries science to combine much of these data in a single analysis to create
a decision tool for evaluation of management and policy alternatives. The role of science in most
resource management is to inform decision makers of the trade-offs between alternative
management actions. Given the importance of the issues in the BiOp, it is inexplicable why FWS
did not perform such an analysis for delta smelt.

13. As I mentioned, a spawner-recruit model or a stage by stage life history model
would have been the appropriate and generally accepted method for the BiOp to estimate
quantitative effects of water project operations on delta smelt population size. Such models are
commonly used by the United States Fish and Wildlife Service (“FWS”), and I sec no reason why
such models could not have been used here. In fact, given the quantitative data available to FWS,
it is inexplicable why FWS did not employ such a methodology to answer what I understand is
the chief issue in the BiOp, which is to what extent do proposed water project operations affect
the survival and recovery of the delta smelt. I consider this a major failing of the BiOp and not in

accordance with generally accepted scientific standards.

B. Deaths Of Individual Delta Smelt Do Not Equate To Population-Level Impacts On
Survival Or Recovery

14. A characteristic of most fish life histories and population dynamics is the
interaction of various biotic or abiotic factors to produce population bottlenecks at different parts
of'a species’ life history. A consequence of such bottlenecks is that the population may be
limited in some places and some times by the availability of resources such as food, appropriate
temperature or salinities, or protection from predators, etc.

15. Much of the BiOp is devoted to discussing how changes in the Sacramento-San
Joaquin Delta were and are caused by a range of factors. These include habitat destruction,
invasions and establishment of exotic plant and animal species, dykes, reservoirs, and flow

modification. As the BiOp indicates, these factors may have altered the delta smelt’s habitat and
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effectively made some of the bottlenecks tighter.

16. When bottlenecks exist in certain places and times, it means that there is a non-
linear relationship between the number of eggs, larvae or juveniles produced, and how many
individuals of the species survive to reproduce and contribute to the next generation. The result is
that entrainment or impingement mortality of eggs, larvae or juveniles does not necessarily result
in a proportional loss of adult population size. Thus, it would be improper to assume that the loss
of individual eggs, larvae, or juveniles of a fish species has a population-level effect on the next
generation unless the various other mortality factors and the potential population bottlenecks are
understood and evaluated.

17. A key use of life history models is to identify these population bottlenecks, the
extent to which management actions can modify the size of the bottlenecks, and the relationship
between entrainment and impingement mortality of certain life stages and overall population level
impacts, if any. Ifit is believed that there are now numerous bottlenecks in the life history of
delta smelt caused by factors other than water project operations — associated with for instance the
overall decline of pelagic organisms in the Delta — then reduction in the number of eggs, larvae
and juvenile delta smelt by water project pumping operations may have little impact on
subsequent spawning populations.

C. The BiOp’s Conclusions Regarding Effects Of Water Project Operations On Delta
Smelt Habitat Is Unsupported And Refuted By Common Ecological Principles

18. Another serious deficiency in the BiOp is that it concludes that water project
operations reduce the extent or nature of Delta habitat in such a way that the capacity of this
habitat to support delta smelt is reduced. The BiOp further concludes that this reduction in
habitat carrying capacity is suppressing the delta smelt’s population size, or preventing it from
increasing to higher levels. However, this concept is not well supported in the BiOp and, as |
explain below, runs counter to ecological theory.

19. According to my calculations, the population abundance of delta smelt as indicated
by the FMWT in 2006-2008 was 2.5% of the values of the FMWT index during 1971-1973, and

only 4.6% of the value it was during 1993-1995. This indicates that delta smelt abundance and
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densities today are much lower than in the past.

20. At such low levels of abundance and density, ecological theory suggests that the
habitat capacity, or availability of suitable habitat for delta smelt, would not be a limiting factor
on delta smelt population size. In the same way, ecological theory suggests that habitat
availability should have no impact on recovery of the delta smelt to population levels enjoyed
prior o the recent pelagic organism decline. Ecological theory suggests that reductions in habitat
capacity will limit the ultimate size the delta smelt population can rebuild to, but not its ability to
rebuild from the current very low numbers to higher numbers.

21. The BiOp does not address this general ecological principle or attempt to explain
why it does not apply in this case to the delta smelt. It appears that without any justification, the
BiOp simply assumes or embraces some hypothesis that habitat capacity is currently limited, but
it provides no data to support this assumption.

22, Furthermore, even if one assumes that water project operations have reduced the
habitat carrying capacity, and then uses X2 or OMR as indicators of the habitat carrying capacity,
then it is quite inconsistent to believe that the obviously high carrying capacity scen in the period
1993-1995 as indicated by the FMWT index, has been reduced by 90% or more due to changes in
X2 or OMR. To support its claims, the BiOp should have been much more explicit about what
factors affect the capacity of the habitat to support and produce delta smelt, as opposed to what

factors reduce survival of delta smelt.

D. The BiOp’s Conclusions Regarding The Relatlonshlp Between Salvage Losses And
OMR Flows Rely On Circular Logic

23. The BiOp provides estimates of salvage losses of delta smelt at the water project
pumps based largely on a scientific article written by Wim Kimmerer in 2008 entitled “Losses of
Sacramento River Chinook Salmon and Delta Smelt to Entrainment in Water Diversions in the
Sacramento-San Joaquin Delta.” On page 212 (AR 000227), the BiOp claims that there is a
significant relationship between these estimates of salvage losses and OMR flows. However, the
BiOp’s estimates of salvage losses are derived from Kimmerer’s 2008 article, which uses OMR

flow as an input variable in the equations its contains to estimate salvage. Thus, there is total
925022.1 -7-
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cireularity in the BiOp's conclusions that these egiimﬁms of salvage are significantly related 1o
because OMR was used to estimate salvage by Kimmerer 2008 and by the BiOp. Thus, the BiOp

is making a misuse of the Kinunerer 2008 article.

24, Thiscirenlarity is a :.«,wmf‘zc,am meﬁmﬁmiwzwi flaw, however, the BiOp fails 1o
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Date of Birth
December 31, 1947

Education

CURRICULUM VITAE

Ray William Hilborn

B.A. (Biology) Grinnell College, Grinnell, Iowa (1969)
Ph.D. Department of Zoology, University of British Columbia (1974)

Employment History

1987-present
1985-1987
1980-1985

1975-1980

1974-1975

Professor, School of Aquatic and Fishery Sciences, University of
Washington.

Senior Fisheries Scientist, Tuna and Billfish Program, South Pacific
Commission, Noumea, New Caledonia

Adjunct Associate Professor, Institute of Animal Resource Ecology,
University of British Columbia.

Policy Analyst, Departments of Environment and Fisheries, Government
of Canada. Concurrently Honorary Lecturer, Institute of Animal Resource
Ecology, University of British Columbia.

Research Scholar. International Institute for Applied Systems Analysis,
Laxenburg, Austria.

Major Professional Activities

2006 — present
2002 - present

2003 — present

1999-present
1993-present
2007-present
2008-present
1993-2007

1999-present

925283.1

Member Board of Reviewing Editors, Science Magazine

Associate Editor, Canadian Journal of Fisheries and Aquatic
Sciences

Member Editorial Board, New Zealand Journal of Marine and
Freshwater Research

Member Editorial Board, Fish and Fisheries.

Member Editorial Board, Reviews in Fish Biology and Fisheries
Member Senior Advisory Council, Natural Resource Modeling.
Member Editorial Board, The Open Fish Science Journal
Member Editorial Board, Natural Resource Modeling.

Independent Science Advisor, Commission for Conservation of
Southern Bluefin Tuna



Case 1:09-cv-00407-OWW-DLB  Document 348-2  Filed 10/09/2009 Page 3 of 23

2002 - 2003

2002 - 2004

1999-2001
1996-2000

1997-1998

1996-1997

2

Chair, National Academy of Sciences/National Research Council
Committee on Cooperative Research in the National Marine
Fisheries Service

Member Scientific Advisory Board for Presidents Commission on
Ocean Policy

Member Ocean Studies Board, National Research Council

Member International Committee for recovery of the vaquita
(Phocoena sinus)

Member National Academy of Sciences Panel on status of New
England groundfish stocks.

Member National Academy of Sciences Panel on Fisheries Stock
Assessment Methods

Honors and Awards

2009 American Institute of Fisheries Research Biologists Outstanding
Achievement Award

2006 Volvo Environmental Prize (shared with Carl Walters and Daniel Pauly)

2005 Elected Fellow of Royal Society of Canada

2005 Recipient of American Fisheries Society 2005 National Award of
Excellence

2005 Recipient of Western Division, American Fisheries Society, Award of
Excellence

2001-2008 Richard C. and Lois M. Worthington Professor of Fisheries Management

1997 College of Ocean and Fisheries Sciences Distinguished Research Award

1988-1991 H. Mason Keeler Professor of Recreational Fisheries Management.

1985 Stevenson Memorial Lecture, Canadian Conference for Fisheries
Research.

1976 Wildlife Society award for best paper in fisheries science. (Adaptive
management of renewable resources with C. Walters).

1972-1974 National Research Council Canada. Graduate Fellowship.

Books and Monographs

Punt, A. and R. Hilborn. 2002. Bayesian stock assessment methods in fisheries. FAO
Computerized Information Series (Fisheries) No. 12. 56 p.

Hilborn, R. and M. Mangel. 1997. The Ecological Detective: confronting models with data.
Princeton University Press, Princeton, N.J. 315 pps.

925283.1
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Punt, A.E. and R. Hilborn. 1996. Biomass dynamics models. FAO Computerized Information
Series (Fisheries). No. 10. Rome, FAO. 62p.

Hilborn, R. and C. J. Walters. 1992. Quantitative Fisheries Stock Assessment: Choice,
Dynamics and Uncertainty. Chapman and Hall, New York. 570 p. Also available in
Russian.

Bazykin, A., P. Bunnell, W.C. Clark, G.C. Gallopin, J. Gross, R. Hilborn, C.S. Holling, D.D.
Jones, R.M. Peterman, J.E. Rabinovich, J.H. Steele, and C.J. Walters. 1978. Adaptive
Environmental Assessment and Management. John Wiley and Sons, New York. 375

pps.

Publications in refereed journals

Worm, B., Hilborn, R., Baum, J. K., Branch, T. A., Collie, J. S., Costello, C., Fogarty, M. J.,
Fulton, E. A., Hutchings, J. A., Jennings, S., Jensen, O. P., Lotze, H. K., Mace, P. M.,
McClanahan, T. R., Minto, C., Palumbi, S. R., Parma, A., Ricard, D., Rosenberg, A. A.,
Watson, R., and Zeller, D. 2009. Rebuilding Global Fisheries. Science. 325: 578-585.

Hilborn, R. 2010. Pretty Good Yield and exploited fishes. Marine Policy, 34:193-196

Grafton, R. Q., Campbell, D., Costello, C., Hilborn, R., and Kompas, T. 2009. Comment on
"Abdicating Responsibility: The Deceits of Fisheries Policy". Fisheries. 34: 291-294.

Courtenay, W. R. Jr., Collette, B. B., Essington, T. E., Hilborn, R., Orr, J. W., Pauly, D.,
Randall, J. E., and Smith-Vaniz, W. F. 2009. Risks of Introductions of Marine Fishes:
Reply to Briggs. Fisheries. 34: 181-186.

Honea, J.M., Jorgensen, J.C., McClure, M.M., Cooney, T.D., Engie, K., Holzer, D., and Hilborn,
R. 2009 Evaluating habitat effects on population status: influence of habitat restoration
on spring-run Chinook salmon. Freshwater Biology, 54: 1576-1592

Hilborn, R., and Litsinger, E. 2009. Cause of Decline and Potential for Recovery of Atlantic Cod
Populations. The Open Fish Science Journal. 2: 32-38.

Walters, C. J., R. Hilborn, and V. Christensen. 2008. Surplus production dynamics in declining
and recovering fish populations. Canadian Journal of Fisheries and Aquatic Sciences
65:2536-2551.

Valero, JI. L., Lee, B., Armstrong, D., Orensanz, L., Parma, A., Hilborn, R., Sizemore, B., and
Palzer, T. 2008. Population dynamics and historic trends of geoduck clams under
episodic low dissolve oxygen conditions in Hood Canal. Journal of Shellfish Research.
27: 462-463.

McGilliard, C. R., and R. Hilborn. 2008. Modeling no-take marine reserves in regulated
fisheries: assessing the role of larval dispersal. Canadian Journal of Fisheries and
Aquatic Sciences 65:2509-2523.

Lessard, RB, Hilborn, R, and Chasco, BE. 2008. Escapement goal analysis and stock
reconstruction of sockeye salmon populations (Oncorhynchus nerka) using life-history
models. Canadian Journal of Fisheries and Aquatic Sciences. 65: 2269-2278.

Lin, J, Quinn, T, Hilborn, R, and Hauser, L. 2008. Fine-scale differentiation between sockeye
salmon ecotypes and the effect of phenotype on straying. Heredity. 101, 341-350

925283.1
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Hilborn, R., and Minte-Vera, C. V. 2008. Fisheries-induced changes in growth rates in marine
fisheries: are they significant? Bulletin of Marine Science 83: 95-105.

Westley, P. A. H., Hilborn, R., Quinn, T. P., Ruggerone, G. T., and Schindler, D. E. 2008. Long-
term changes in rearing habitat and downstream movement by juvenile sockeye salmon
(Oncorhynchus nerka) in an interconnected Alaska lake system. Ecology of Freshwater
Fishes. 17: 433-454.

Branch, T.A. and R. Hilborn. 2008. Matching catches to quotas in a multispecies trawl fishery:
targeting and avoidance behavior under individual transferable quotas. Canadian
Journal of Fisheries and Aquatic Sciences 68: 1435-1446.

Gunderson, DR, Parma, AM, Hilborn, R, Cope, JM, Fluharty, DL, Miller, ML, Vetter, RD,
Heppell, SS, and Greene, HG. The challenge of managing nearshore rocky reef
resources. Fisheries. 2008. 33: 172-179.

Hard, J. J., Gross, M. R., Heino, M., Hilborn, R., Kope, R. G., Law, R., and Reynolds, J. D.
2008. Evolutionary consequences of fishing and their implications for salmon.
Evolutionary Applications 1: 388-408.

Grafton, R. Q., Hilborn, R., Ridgeway, L., Squires, D., Williams, M., Garcia, S., Groves, T.,
Joseph, J., Kelleher, K., Kompass, T., Libecap, G., Lunden, C. G., Makino, M.,
Matthiasson, T., McLoughlin, R., Parma, A., San Martin, G., Saita, B., Schmidt, C.-C.,
Tait, M., and Zhang, L. X. 2008. Positioning fisheries in a changing world. Marine
Policy 32: 630-634.

Martell, S. J. D., Walters, C. J., and Hilborn, R. 2008. Retrospective analysis of harvest
management performance for Bristol Bay and Fraser River sockeye salmon
(Oncorhynchus nerka). Canadian Journal of Fisheries and Aquatic Sciences. 65: 409-
424.

Bue, B. G., Hilborn, R., and Link, M. R. 2008. Optimal harvesting considering biological and
economic objectives. Canadian Journal of Fisheries and Aquatic Sciences. 65: 691-700.

de Mutsert, K., Cowan, J. H., Jr, Essington, T., and Hilborn, R. 2008. Reanalyses of Gulf of
Mexico fisheries data: Landings can be misleading in assessments of fisheries and
fisheries ecosystems. Proceedings of the National Academy of Sciences of the United
States of America. 105: 2740-2744.

Sethi, S. A., and Hilborn, R. 2008. Interactions between poaching and management policy affect
marine reserves as conservation tools. Biological Conservation 141: 506-516.

Carlson, S. M., Hilborn, R., Hendry, A. P., and Quinn, T. P. 2007. Predation by Bears Drives
Senescence in Natural Populations of Salmon. PLOS One. 2: e1286.
doi:10.1371/journal.pone.0001286.

Grafton, R. Q., Kompas, Q., and Hilborn, R. W. 2007. Economics of Overexploitation Revisited.
Science. 318: 1601.

Hilborn, R. 2007. Reinterpreting the state of fisheries and their management. Ecosystems. DOI:
10.1007/s10021-007-9100-5.

Hilborn, R. 2007. Managing fisheries is managing people: what has been learned? Fish and
Fisheries. 6: 285-296.

925283.1
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Magnusson, A., and Hilborn, R. 2007. What makes fisheries data informative? Fish and
Fisheries. 8: 337-358.

Metzger, K. L., Sinclair, A. R. E., Campbell, K. L. I, Hilborn, R., Hopcraft, J. G. C., Mduma, S.
A. R. & Reich, R. M. 2007. Using historical data to establish baselines for
conservation: The black rhinoceros (Diceros bicornis) of the Serengeti as a case study.
Biological Conservation. 139:358-374.

Chasco, B., Hilborn, R., and Punt, A. E. 2007. Run reconstruction of mixed-stock salmon
fisheries using age-composition data. Canadian Journal of Fisheries and Aquatic
Sciences 64: 1479-1490.
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Hilborn, R. Micheli, F. and DeLeo, G. 2006. Integrating Marine Protected Areas with catch
regulation. Canadian Journal of Fisheries and Aquatic Sciences. 63: 642-649.
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Hilborn, R., T.P. Quinn, D.E. Schindler and D.E. Rogers. 2003. Biocomplexity and fisheries
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rockfish: are they robust and are there better alternatives. North American Journal of
Fisheries Management 22: 365-375.
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catch due to the implementation of a sea lion population management plan. Marine
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salmon (Oncorhynchus kisutch) in the Pacific Northwest. Canadian Journal of Fisheries
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Punt, A.E. and R. Hilborn. 1997. Fisheries stock assessment and decision analysis: the Bayesian
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rates from mark-recapture data. Canadian Journal of Fisheries and Aquatic Sciences 51:
734-742

Punt, A.E. and R. Hilborn. 1994. A comparison of fishery models with and without cannibalism
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Bulletin of Mathematical Biology. 54:263-273.
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Fried, S.M. and R. Hilborn. 1988. Inseason forecasting of Bristol Bay, Alaska, Sockeye Salmon
(Oncorhynchus nerka) abundance using Bayesian probability theory. Canadian Journal
of Fisheries and Aquatic Sciences. 45: 850-855.

Hilborn, R. and W. Luedke. 1987. Rationalizing the irrational: a case study in user group
participation in Pacific salmon management. Canadian Journal of Fisheries and Aquatic
Sciences. 44: 1796-1805.
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Argue, A.W., R. Hilborn, R.M. Peterman, M.J. Staley, and C.J. Walters. 1983. The Strait of
Georgia Chinook and Coho fishery. Canadian Journal of Fisheries and Aquatic
Sciences. Bulletin 211.

Ludwig, D. and R. Hilborn. 1983. Adaptive probing strategies for age structured fish stocks.
Canadian Journal of Fisheries and Aquatic Sciences. 40: 559-569.

Stocker, M. and R. Hilborn. 1982. Comment on "Short-term forecasting in marine fish stocks."
Canadian Journal of Fisheries and Aquatic Sciences. 39: 1071-1072.

Hilborn, R. and S. Stearns. 1982. On inference in ecology and evolutionary biology: the problem
of multiple causes. Acta Biotheoretica. 32: 145-164.

Hilborn, R. and C.J. Walters. 1981. Pitfalls of environmental baseline and process studies.
Environmental Impact Assessment Review. 2: 265-278.

Stocker, M. and R. Hilborn. 1981. Short term forecasting in marine fish stocks. Canadian
Journal of Fisheries and Aquatic Sciences. 38: 1247-1254.

Yom-Tov, Y. and R. Hilborn. 1981. Energetic constraints on clutch size and time of breeding in
temperate zone birds. Oecologia. 48: 234-243,

Hilborn, R. 1979. Comparison of fisheries control systems that utilize catch and effort data.
Journal of the Fisheries Research Board of Canada. 36: 1477-1489.

Hilborn, R. 1979. Some failures and successes at applying systems analysis to ecological
problems. Journal of Applied Systems Analysis. 6: 25-31.

Hilborn, R. and M. Ledbetter. 1979. Analysis of the British Columbia salmon purse seine fleet:
dynamics of movement. Journal of the Fisheries Research Board of Canada. 36: 384-
391.

Hilborn, R. 1979. Some long term dynamics of predator-prey models with diffusion. Ecological
Modelling. 6: 23-30.

Walters, C.J., R. Hilborn, R.M. Peterman and M. Staley. 1978. A model for examining early
ocean limitation of Pacific salmon production. Journal of the Fisheries Research Board
of Canada. 35: 1303-1315.
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Walters, C.J. and R. Hilborn. 1978. Ecological optimization and adaptive management. Annual
Review of Ecology and Systematics. 8: 157-188.

Hilborn, R. and C.J. Walters. 1977. Differing goals of salmon management on the Skeena
River. Journal of the Fisheries Research Board of Canada. 34: 64-72.

Hilborn, R., C.J. Krebs, and J.A. Redfield. 1976. On the reliability of enumeration for mark and
recapture census of voles. Canadian Journal of Zoology. 54: 1019-1024.

Hilborn, R. and C.J. Krebs. 1976. Fates of disappearing individuals in fluctuating populations of
Microtus townsendi. Canadian Journal Zoology. 54: 1501-1520.

Hilborn, R. 1976. Optimal exploitation of multiple stocks by a common fishery. Journal of the
Fisheries Research Board of Canada. 33: 1-5.

Walters, C.J. and R. Hilborn. 1976. Adaptive control of fishing systems. Journal of the
Fisheries Research Board of Canada. 33: 145-159.

Krebs, C.J. I. Wingate, J. LeDuc, J. Redfield, M. Taitt and R. Hilborn. 1976. Microtus
population biology: dispersal in fluctuating populations of Microtus townsendi.
Canadian Journal of Zoology. 54: 79-95.

Hilborn, R. 1975. Similarities in dispersal tendency among siblings in four species of voles
(Microtus). Ecology. 56: 1221-1225.

Hilborn, R. 1975. The effect of spatial heterogeneity on the persistence of predator-prey
interactions. Theoretical Population Biology. 8: 346-355.

Walters, C.J., Bunnell, F., Hilborn, R., and R.M. Peterman. 1975. Computer simulation of
barren ground caribou dynamics. Ecological Modelling. 1: 303-315.

Himamowa, Bubu. 1975. The Obergurgl model: a microcosm of economic growth in relation to
limited ecological resources. Nature and Resources. 2: 10-21. (Himamowa is a
pseudonym for myself and six other authors)

Hilborn, R. 1974. Inheritance of skeletal polymorphism in Microtus californicus. Heredity. 33:
81-83.

Walters, C.J. R. Hilborn, E. Oguss, R. Peterman and J. Stander. 1974. Development of a
simulation model of Mallard duck populations. Canadian Wildlife Service Occasional
Paper No. 20: 1-34.

Hilborn, R. 1973. A control system for FORTRAN simulation programming. Simulation. 20:
172-175.

National Research Council Reports

National Research Council. 2003. Cooperative Research with the National Marine Fisheries
Service. NRC Press. 131 pps. Chairman of Committee.

National Research Council. 1998. Improving fish stock assessment. NRC Press. 188 pps.
Member of Committee.

National Research Council. 1998. Review of Northeast fishery stock assessments. NRC press.
136 pps. Member of Committee.
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Book Chapters

Hilborn, R. 2009. Life History Models for Salmon Management: The Challenges. In Pacific
salmon environmental and life history models: advancing science for sustainable salmon
in the future. Edited by E. E. Knudsen and J. H. J. Michael. American Fisheries Society,
Bethesda, Maryland. 71. pp. 23-32.

Scheuerell, M., and Hilborn, R. 2009. Estimating the freshwater component of essential fish
habitat for Pacific salmon (Oncorhynchus spp.) with the Shiraz model. In Pacific
salmon environmental and life history models: advancing science for sustainable salmon
in the future. Edited by E. E. Knudsen and J. H. J. Michael. American Fisheries Society,
Bethesda, Maryland. 71. pp. 187-202.

Hilborn, R. 2009. Fisheries Management. Chapter VII.2 pps 689-694 in The Princeton Guide to
Ecology, Simon Levin editor.

Fryxell, J, Abrams, P, Holt, R, Wilmshurst, J, Sinclair, ARE, and Hilborn, R. 2008. Spatial
dynamics and coexistence of the Serengeti grazer community. /n Serengeti I1I. human
impacts on ecosystem dynamics. Edited by A. R. E. Sinclair, C. Packer, Mduma, SAR
and J. Fryxell. University of Chicago Press, Chicago. pp. 277-300.

Costello, C, Burger, N, Galvin, KA, Hilborn, R, and Polasky, S. 2008. Dynamic consequences of
human behavior in the Serengeti ecosystem. In Serengeti I[II. human impacts on
ecosystem dynamics. Edited by A. R. E. Sinclair, C. Packer, Mduma,SAR and J.
Fryxell. University of Chicago press, Chicago. pp. 301-324.

Hilborn, R, Sinclair, ARE, and Fryxell, J. 2008. Propagation of change through a complex
ecosystem. In Serengeti III. human impacts on ecosystem dynamics. Edited by A. R. E.
Sinclair, C. Packer, Mduma. SAR and J. Fryxell. University of Chicago Press, Chicago.
pp. 417-442.

Hilborn, R. 2008. Knowledge on how to achieve sustainable fisheries. In Fisheries for Global
Welfare and Environment, 5th World Fisheries Congress 2008. Edited by K.
Tsukamoto, T. Kawamura, T. Takeuchi, T. D. J. Beard and M. J. Kaiser. TERRAPUB,
Tokyo. pp. 45-56.

Hilborn, R. 2005. Are sustainable fisheries achievable? Pps 247-259 in Norse, E.A. and
Crowder, L.B. (eds.) Marine Conservation Biology. Island Press, 575 p.

Hilborn, R. 2004. Population management in stock enhancement and sea ranching. In Stock
enhancement and sea ranching: developments, pitfalls and opportunities. Edited by K.
M. Leber, S. Kitada, H. L. Blankenship and T. Svasand. Blackwell, Oxford, U.K. pp.
201-2009.

Anderson, JL, RW Hilborn, RT Lackey, D Ludwig. 2003. Watershed restoration--adaptive
decision making in the face of uncertainty. Pages 203-232 in RC Wissmar, PA Bisson
(eds), Strategies for Restoring River Ecosystems: Sources of Variability and
Uncertainty in Natural and Managed Systems. Am. Fish. Soc., Bethesda.

Hilborn, R. 2001, Stock, recruitment and reference points: assessment and management of
Atlantic salmon. Prevost,-E.-(ed.); Chaput,-G.-(ed.) Paris France. Institut National de
la Recherche Agronomique 2001 pp. 177-193
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Hilborn, Ray. 1998. Challenges and progress in sustainable fisheries .pps 82-88. In The
Brundtland Commission’s Report — 10 Years. Edited by Guri Bang Sefting, George
Benneh, Kjetil Hindar, Lars Wallee and Anders Wijkman. Scandinavian University
Press, Oslo, Norway. 234 p.

Mduma, S.A.R., Hilborn, R. & Sinclair, A.R.E. 1998. Limits to exploitation of Serengeti
wildebeest and implications for its management. Dynamics of tropical communities, the
37" Symposium of the British Ecological Society (eds D.M. Newbery, H.B., H.H.T.
Prins & N.D. Brown) pp. 243-265. Blackwell Science, Oxford.

Hilborn, R. 1997. Uncertainty, Risk, and the Precautionary Principle. Pps 100-106 in Pikitch,
E.K, Huppert, DD. And M.P. Sissenwine (eds). Global Trends: Fisheries Management.
American Fisheries Society Symposium 20.

Hilborn, R. 1996. Computers in fisheries population dynamics. Pps 176-189 in B.E. Megrey
and E. Moksness (eds). Computers in Fisheries Research. Chapman and Hall, London
254 p.

Hilborn, R. 1995. A model to evaluate alternative management policies for the Serengeti-Mara
ecosystem. pps 617-637 in (A.R.E. Sinclair and P. Arcese eds). Serengeti II:
dynamics, management and conservation of an ecosystem. University of Chicago Press.

Hilborn, R. 1990 Marine Biota. pps 371-386 In : B.L. Turner III (ed.). The Earth as
Transformed by Human Action. Cambridge University Press.

Hilborn, R. and A.R.E. Sinclair. 1979. A simulation of the wildebeest population, other
ungulates and their predators. pps 287-309 In: Serengeti: Dynamics of an Ecosystem.
A.R.E. Sinclair and M. Norton-Griffiths, eds. University of Chicago Press.

Hilborn, R., and R. M. Peterman. 1977. Changing management objectives. pps 68-98 In:
Pacific salmon: management for people. D. V. Ellis ed. University of Victoria,
Western Geographic Series, Vol 13. Victoria, Canada

Reviews

Hilborn, R. 2007. Review of: Return to the River: Restoring Salmon to the Columbia River.
Restoration Ecology. 15: 747-748.

Hilborn, R. 2005. Review of “Namibia’s fisheries: economic, economic and social aspects”.
Fish and Fisheries 6: 88.

Hilborn, R. 2003. Review of “Conservation of exploited species.” By Reynolds, J.D., G.M.
Mace, K.H. Redford and J.G. Robinson. Conservation Biology 17: 340-341.

Hilborn, R. 2000. Review of “Dynamics of pelagic fish distribution and behaviour: effects on
fisheries and stock assessment.” By P. Freon and O. A. Misund. Transactions of the
American Fisheries Society 129: 887-887.

Hilborn, R. 1999. Review of "Stocking and introductions of fish." Edited by I.G. Cowx.
Reviews in Fish Biology and Fisheries 9: 121-122.

Hilborn, R. 1995. Review of “Fishing for Truth: A sociological Analysis of Northern Cod Stock
Assessments from 1977 to 1990” by A.C. Finlayson. Reviews in Fish Biology and
Fisheries 5: 461-462.
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Hilborn, R. 1995. Review of “Scaling Fisheries: The Science of Measuring the Effects of
Fishing, 1855-1955” by T.D. Smith. Reviews in Fish Biology and Fisheries 5: 122-123.

Hilborn, R. 1994. Review of “On the Dynamics of Exploited Populations [reprint]” by R.J.H.
Beverton and S.J. Holt. Reviews in Fish Biology and Fisheries 4: 259-260.

Hilborn, R. 1992. Review of "Catch effort sampling strategies" edited by I.G. Cowx, in
Reviews in Fish Biology and Fisheries 2: 273-275.

Hilborn, R. 1990. Review of "Mathematical analysis of fish stock dynamics by E. Edwards and
B. Megrey" in Transactions of the American Fisheries Society.

Hilborn, R. 1990. Review of "Salmon production, management and allocation" edited by W. J.
McNeil" in Transactions of the American Fisheries Society.

Hilborn, R. 1981. Review of "Management and analysis of biological populations by B. Goh".
Quarterly Review of Biology 56:357.

Papers in Peer Reviewed Conference Proceedings and Peer Reviewed Reports

Hilborn, R. 2006. Lessons learned: making cooperative research and cooperative management
work. American Fisheries Society Symposium 52: 119-122.

Hilborn, R. 2004. Incentives, the key to solving fisheries problems. Chapter 26 in World
Summit on Salmon. Edited by P. Gallaugher and L. Wood. Simon Fraser University,
Burnaby, B.C. Canada.

Orensanz, J.M., R. Hilborn and A.M. Parma. 2000. Harvesting Methuselah’s clams — is the
geoduck fishery sustainable, or just apparently so. Canadian Stock Assessment
Secretariat Research Document 2000/175. ISN 1480-4883. 68 pps.

Hilborn, R. 1997. The frequency and severity of fish stock declines and increases. Pps 36-38 in
Hancock, D.A., Smith, D.C. Grant, A. and J.P. Beumer, eds. Developing and sustaining
world fisheries resources. Proceedings of the 2" World Fisheries Congress, CSIRO
Publishing PO Box 1139 Collingwood, Victoria, Australia.

Hilborn, R. and R.M. Peterman. 1996. The development of scientific advice with incomplete
information in the context of the precautionary approach. Pps 77-101 in FAO Fisheries
Technical Paper. No. 350. Part 2. Rome, FAO. 210 p.

Hilborn, R. 1996. Detecting population impacts from oil spills: a comparison of methodologies.
American Fisheries Society Symposium 18:639-644.

Hilborn, R., J. Skalski, A. Anganuzzi and A. Hoffiman. 1995. Movements of juvenile halibut in
IPHC regulatory areas 2 and 3. International Pacific Halibut Commission Technical
Report No. 31. 44 pps.

Hilborn, R., Walters, C. J., Jester, D. B. Jr. 1990. Value of fish marking in fisheries
management. American Fisheries Society Symposium 7:5-7.

Hilborn, R. 1990. Estimating parameters of full age-structured models from catch and
abundance data. In Proceedings of the Symposium on the Application of Stock
Assessment Techniques to Gadids. Bulletin No. 50, International North Pacific
Fisheries Commission.
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Hilborn, R. 1987. Spatial models of tuna dynamics in the western Pacific. pp 276-286 In: T.L.
Vincent, Y. Cohen, W.J. Grantham, G.P. Kirkwood and J.M. Skowronski (eds.)
Modeling and Management of Resources under Uncertainty, Proceedings of the Second
U.S.-Australia Workshop on Renewable Resource Management. Lecture Notes in
Biomathematics #72, Spring-Verlag, Berlin.

Hilborn, R. 1985. A comparison of harvest policies for mixed stock fisheries. pp 75-88 In:
Proceedings of the second Ralf Yorque conference, M. Mangel (ed.). Lecture notes in
Biomathematics #61. Springer Verlag..

Hilborn, R. and P.J. Starr. 1984. Making stock and recruitment work. In: P.E.K. Symons and M.
Waldichuk (eds.) Proceedings of the workshop on stream indexing for salmon

escapement estimation. Canadian Technical Report of Fisheries and Aquatic Sciences.
No. 1326. pps 227-244.

Hilborn, R., C.S. Holling and C.J. Walters. 1980. Managing the unknown: approaches to
ecological policy design. pps 103-113 In "Biological Evaluation of Environmental
Impacts." U.S. Dept. of the Interior FWS/OBS-80/26.

Hilborn, R. 1979. Troubled waters over Pacific Salmon. pps 49-52 in F.J. Convery and B.R.
Strain (eds). U.S. dependency on Canadian natural resources: extent and significance.
Center for Resource and Environmental Policy Research, Canadian Studies Center,
Duke University.

Popular Articles

Halmay, P. and R. Hilborn. 2005. Community co-ops: the solution to small-scale U.S. fisheries?
National Fisherman. March 2005. p 8.

Hilborn, R. 2001. Comments on marine reserves. Western Outdoor News, June 29, 2001.

Hilborn, R. 2000. Why fishermen oppose stock rebuilding plans. National Fisherman May 2000
p7.

Hilborn, R. 1999. Statistical issues in ecological risk assessment. Newsletter of the Section on
Statistics & the Environment of American Statistical Association. 3 (1): 1/5

Hilborn, R. 1995. Taking precautions: the implications of the precautionary approach for
commercial fisheries. Seafood New Zealand Vol 3 No 11 pps 12-13.

Hilborn, R. 1995. Fish stock collapses: lessons for New Zealand. Seafood New Zealand:9.
Hilborn, R. 1995. How many spawners is enough? Seafood New Zealand:16.

Hilborn, R. 1995. Is it dangerous to harvest spawning fish? Seafood New Zealand:21.
Hilborn, R. 1993. Controlling Johnny Salmonseed. The Osprey 17: 2/18.

Hilborn, R. Key to saving B.C. fishery is to reduce the costs of fishing. Vancouver Sun. March
9, 1984.

Hilborn, R. and C.J. Walters. Truth about wolves is lost in the howl. Vancouver Province
Sunday Supplement. Jan. 29, 1984.
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Hilborn, R. 1974. The S.E. Ridge on Ironman, Northern Selkirks. American Alpine Journal p.

164

Hilborn, R. 1973. Climbing in the Adamants. Canadian Alpine Journal 57: 75-77.

Major Research Funding

2008-2011

1999-present

2005-2007

2005-2007

2005-2008

2002-2006

2004-2009

2004-2006

2003-2007

1996-present

2003-2006

2002
2002-2003

2002-2004

2002-2005

2001-2003

025283.1

Funding from Moore Foundation for salmon research. $3.6 million over 3
years.

Funding from Bristol Bay Salmon Processors for salmon research in
Bristol Bay, Alaska. Average $200k per year.

NOAA funding for development of SHIRAZ model to evaluate habitat
impacts on salmon $200k

Funding from Pew Institute for Ocean Sciences for research on dynamics
of small populations. $250k over 2 years.

Funding from Moore Foundation for salmon research. $2.3 million over 3
years.

NOAA funding for graduate student support in marine fish population
dynamics $255,000

NSF funding for “Biocomplexity and fisheries sustainability” $2.0
Million. T am the lead P.I.

SeaGrant funding for spatial dynamics of geoducks in Puget Sound. With
David Armstrong. $150k over 3 years.

NSF Biocomplexity funding Award 0308440 for study of spatial structure
in fish recruitment. Dave Siegel U.C. Santa Barbara lead P.I. my portion
$315,607

New Zealand Seafood Industry Council funding of stock assessment in
New Zealand Fisheries $67,000-$125,000 per year.

NOAA/SeaGrant funding for graduate fellowship for Eric Ward in
fisheries stock assessment. $37k per year for 3 years.

NMFS funding for post-doc on salmon habitat modelling. $50k

Alaska Department of Fish and Game funding for grad student support on
prediction of salmon run timing. $30k

NMFS Stock Assessment Improvement Program funding for grad student
support. $70k per year

NSF LTREB funding for Alaska Salmon studies. $35k per year. Jointly
with Tom Quinn and Daniel Schindler.

NSF funding for field station infrastructure, $200k for new laboratory and
classroom at Porcupine Island Alaska field station. Tom Quinn lead P.1I.
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2000
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1998-present

1998-2003
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1997-1998
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1993-1995

1993-1994

1989-1993

1991-1993

1990
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NOAA/SeaGrant funding for graduate fellowship for Melissa Haltuch in
fisheries stock assessment. $37k per year for 3 years.

Institute of Marine Research, Iceland funding for research on Icelandic
cod and age structured models $16k per year.

NOAA/SeaGrant funding for graduate fellowship for Ian Stewart in
fisheries stock assessment. $37k per year for 3 years.

NOAA funding for study of salmon run timing. $70k.

NMES funding for Research Faculty position in groundfish assessment.
$120k

Funding from Bristol Bay Salmon Processors for salmon research in
Bristol Bay, Alaska. Average $200k per year.

NOAA funding for salmon research at Chignik Lakes, Alaska $30k per
year.

Funding of PNCRS research on salmon survival (Sea Grant and NOAA
joint funding) Multi PI program, my portion $35,000 per year.

Chignik Regional Aquaculture Association funding for salmon research at
Chignik Lakes, Alaska. $45k-$10k per year.

Alaska Department of Fish and Game funding for operation of Pt. Moller
test fishery. $30k per year.

National Marine Fisheries Service funding for analysis of interaction
between habitat, ocean conditions and harvest in chinook salmon. $49,000

Washington Sea Grant: modeling the interaction between habitat, harvest,
ocean conditions and hatcheries. $32,000

Gift of $100,000 as part of Consent Decree between Reynolds Aluminum
and Washington Public Interest Research Group for research on Columbia
River Chinook Salmon.

New Zealand Fishing Industry Board. with Prof. Ellen Pikitch "Analysis
of New Zealand TAC setting policies." $100,000-$150,000 per year.

Washington Sea Grant. "Hatcheries: what works and what doesn’t."”
$100,800

National Marine Fisheries Service funding for Bayesian risk analysis of
Snake River Fall Chinook. $35,000

Bonneville Power Administration. "Analysis of historical patterns of
survival among Columbia River salmonids". $450,000.

Washington Sea Grant. "Salmon management using coded-wire-tags."
$96,000

International Pacific Halibut Commission. "Analysis of IPHC
transboundary tagging experiments, part IL." $54,105. With J.R. Skalski.
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1990 Provosts fund for Interdisciplinary research. "In search of sustainable
development." $15,000. With Kai Lee and Gardner Brown.
1988 International Pacific Halibut Commission. "Analysis of IPHC

transboundary tagging experiments". $40,315. With J.R. Skalski.

1988 Bonneville Power Administration. "Flow requirements for the Hanford
reach, relative to the number of chinook salmon spawners". $23,357.
With D. E. Rogers.

1988 Northwest Indian Fisheries Commission. Statistical procedures for
comparing results of coded wire tag releases. $10,000.

1989-1991 Washington Sea Grant. Managing Adaptively: early experience in
Western North America. $144,000. With Kai N. Lee and Janice E.
Carpenter.

1987-1990 Vice Provost for Computing University of Washington. $177,731 for

microcomputer teaching lab for Colleges of Forest Resources and College
of Fisheries and Ocean Sciences. Proposal written by Dr. Gordon
Swartzman and myself.

1975-1985 National Sciences and Engineering Research Council of Canada operating
grants in Population Biology ($6000-$12,000 per year).

1980-1985 Department of Fisheries and Oceans. Contract support for Cooperative
Fisheries Research Unit ($60,000-$110,000 per year). With C.J. Walters.

1985-1987 3 year Strategic Grant from National Sciences and Engineering Research

Council ($90,000 per year) for "Adaptive management of fisheries
resources." With C.J. Walters and D. Ludwig.

1978 B.C. Science Council. ($24,000). Behavior of B.C. purse seine fleet.

1978 Canadian National Sportsman's Fund ($12,000). A study of B.C. salmon
purse seine vessels.
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